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WORLD  MAPS  OF  F2  CRITICAL  FREQUENCIES  AND 
MAXIMUM  USABLE  FREQUENCY  FACTORS 


by 


Donald'  H.  Zacharisen 


Abstract 


This  report  was  prepared  for  the  purpose  of  present- 
ing six  months  of  contour  maps  and  charts  for  use  in  pre- 
dicting F2-layer  maximum  usable  frequencies.   Prediction 
maps  for  each  even  hour  of  Greenwich  Mean  Time  and  charts 
in  which  time  is  continuous  along  the  abscissa  are  given 
for  the  months  of  January,  March,  June,  July,  September 
and  December. 

The  four  parameters  used  for  predicting  MUFs  are 
foF2  and  the  ij-000  km  MUF  factor  for  a  twelve -month  running 
average  Zurich  sunspot  number  of  50,  and  the  rates  of 
change  of  foF2  and  J+000  km  MUF  factor  with  sunspot  number. 
The  first  three  parameters  use  a  map  presentation  with  GMT 
constant  over  the  surface  of  the  map.   The  fourth  param- 
eter uses  a  chart  presentation  in  which  the  ordinate  is 
geomagnetic  latitude  and  the  abscissa  is  local  time. 

1.   INTRODUCTION  AND  HISTORY 

The  preparation  of  world  prediction  maps  for  use  in  predict- 
ing median  maximum  usable  frequencies  (MUFs)  for  F2-layer  trans- 
mission has  been  undertaken  at  the  Central  Radio  Propagation 
Laboratory  and  it  is  the  purpose  of  this  report  to  present  the 
first  six  months  of  maps.   The  prediction  maps  are  prepared  for 
average  conditions. 

Construction  of  these  prediction  maps  is  based  on  the 
observed  regression  of  F2  ordinary-wave  critical  frequency  (f oF2 ) 


and  F2  maximum  usable  frequency  factor  (M-^000,  the  MUF  factor 
for  a  transmission  distance  of  k-000   km,  in  particular)  on  the 
twelve -month  running- average  Zurich  sunspot  number  (RASSN)  at  a 
given  location,  month  of  the  year,  and  time  of  day  as  estimated 
from  the  data  collected  at  many  ionospheric  sounding  stations. 
The  regression  curves  are  not  known  precisely,  but  by  now  up  to 
15  points  (one  for  each  year)  are  available  for  estimating  them, 
and  this  information  has  been  considered  sufficient  to  warrant 
the  construction  of  world  maps  of  foF2  and  M-^000  factor  covering 
essentially  all  sunspot  numbers.   Since  the  regression  curves  are 
observed  to  be  essentially  straight  lines  over  a  wide  range  of 
RASSN,  every  RASSN  in  that  range  can  be  included  by  giving,  for 
example,  the  ordinate  to  the  line  (foF2  or  M-4000)  at  RASSN  50 
and  the  slope  of  the  line. 

Each  final  prediction  map  corresponds  to  an  even  hour  of 
Greenwich  Mean  Time  (GMT)  which  is  also  known  as  Universal  Time 
(UT),  Zebra  Time  (ZT),  or  0°  longitude  time.   To  plot  the  value 
of  one  of  the  four  parameters  at  any  given  station  for  the  given 
GMT  directly  from  the  regression  lines,  which  are  given  for  each 
hour  of  local  time  (LT),  requires  an  interpolation  between  adja- 
cent hours  of  LT  in  general.  Linear  interpolation  would  introduce 
a  systematic  error,  or  bias,  which  may  be  substantial  due  to  the 
rapid  non-linear  diurnal  variation  of  foF2c   An  alternative,  and 
the  method  used,  is  to  draw  contour  "maps"  for  each  of  which  the 
LT,  rather  than  the  GMT,  Is  constant  and  the  abscissa  is  GMT  as 
well  as  longitude  and  subsequently  to  draw  the  final  GMT  predic- 
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tion  maps  using  as  many  points  as  desired  from  the  LT  maps. 
This  procedure  is  used  by  Naismith  with  the  monthly  predictions 
of  the  Radio  Research  Station  (Bulletin  A),  Slough,  England.   A 
study  of  the  errors  of  the  procedure  described  above  has  been 
considered  by  Crow  and  Zacharisen.   Prediction  tables  for 
points  on  the  surface  of  the  earth  at  latitudes  greater  than  35° 
North  have  been  prepared  by  the  Radio  Physics  Laboratory  of 
Canada . 

Construction  of  the  prediction  maps  has  been  greatly  facili- 
tated by  the  availability  of  data  collected  from  many  ionospheric 
sounding  stations  for  the  years  beginning  about  19^3  or  later e 
(Earlier  data  are  not  always  used  because  of  changes  in  instru- 
mentation and  methods  of  scaling.)  These  data  were  in  a  form 
suitable  for  preparing  world  prediction  maps  because  of  their 
previous  or  simultaneous  inclusion  in  the  monthly  Basic  Radio 
Propagation  Predictions  (CRPL  Series  D),  which  the  Central  Radio 
Propagation  Laboratory  has  been  publishing  since  July  1,  19^6 
(published  as  IRPL  Series  D  from  September  1,  19^  to  June  1, 
19^6).   A  description  of  the  preparation  and  use  of  these  pre- 
dictions may  be  found  in  Sections  6 .k   and  606   of  Reference  3  and 
in  Reference  k. 


II.   A  DESCRIPTION  OF  WORLD  PREDICTION  MAPS 
PREDICTION  CHARTS  AND  AIDS 

Figure  k   shows  the  map  projection  that  was  used  in  producing 
all  of  the  world  prediction  maps.   This  map  will  be  used  in  deter- 
mining the  location  of  the  desired  communication  path  endpoints. 
Figure  5,  a  great  circle  chart  centered  on  the  equator,  is  based 
on  the  same  projection  used  in  the  above  map  of  the  world.   The 
two  will  be  used  together  in  order  to  determine  the  great  circle 
communication  path  lying  between  a  transmitting  and  receiving  sta- 
tion that  are  of  interest  to  the  user.   The  world  prediction  maps 
are  all  presented  for  each  even  hour  of  the  day.   The  prediction 
charts  of  slope  of  regression  line  of  M-4000  factor  on  RASSN  do 
not  utilize  a  map  of  the  world  but  instead  have  time  of  day  rather 
than  longitude  as  the  abscissa.   Hence  there  are  fewer  charts  to 
represent  this  parameter  than  there  are  maps  to  represent  the 
other  parameters.   It  was  determined,  from  the  results  of  a  pilot 
study,   that  it  would  be  of  doubtful  value  to  attempt  to  specify 
this  parameter  in  much  detail. 

Figure  6,  a  distance  nomogram,  is  used  to  obtain  F2-layer 
MUFs  for  communication  paths  of  intermediate  distances  (0  to  ^000 
km)  between  the  values  of  foF2  and  F2-4000  MUF  provided  by  the 
world  prediction  maps  and  prediction  charts.   The  nomogram  has 
F2-zero-MUF  rather  than  foF2  along  the  left  vertical  axis.   The 
required  value  of  F2-zero-MUF  may  be  obtained  by  adding  an 
approximate  value  of  one-half  of  the  gyrofrequency  (f  )  to  the 
value  of  foF2  obtained  from  the  prediction  maps*   This  value  of 
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If  is  obtained  from  Table  1  in  which  it  is  assumed  that  f 
depends  only  on  geomagnetic  latitude.   The  geomagnetic  latitude, 
for  a  given  geographic  latitude  and  longitude,  may  be  obtained 
from  Table  2.5 

The  prediction  maps  for  foF2  at  RASSN  50  and  M-lj-000  factor 
at  RASSN  50  are  used  respectively  with  those  for  the  slope  of 
regression  of  foF2  on  RASSN  and  the  prediction  charts  of  the 
slope  of  regression  of  M-4000  factor  on  RASSN.   The  prediction 
maps  of  the  first  two  parameters  above  give  the  value  of  foF2  or 
M-lj-OOO  factor  at  a  RASSN  of  50  for  a  given  geographical  location. 
The  prediction  maps  of  the  third  parameter  give  the  rate  of 
change  of  foF2  with  RASSN  for  a  given  geographical  location. 
The  prediction  charts  of  the  fourth  parameter  give  the  rate  of 
change  of  M-^000  factor  with  RASSN  for  a  given  geomagnetic  lati- 
tude.  For  example,  a  value  from  the  map  of  foF2  at  RASSN  50 
used  with  a  corresponding  value  from  the  map  of  the  rate  of 
change  of  foF2  with  RASSN  will  give  the  value  of  foF2  for  essen- 
tially all  values  of  RASSN. 

The  prediction  maps  and  aids  included  in  this  report  are 
seen  to  require  an  additional  factor  before  the  desired  MUFs  can 
be  calculated.   This  missing  factor  is  a  predicted  value  of 
RASSN  such  as  is  supplied  five  months  in  advance  of  the  month  in 
question  by  CRPL  using  the  McNish- Lincoln  method. 

There  is  a  rather  simple  set  of  equations  that  may  be  used 
to  obtain  MUFs  and  optimum  working  frequencies  (OWFs)  from  the 
world  prediction  maps,  prediction  charts,  and  aids  included  in 


this  report  and  a  predicted  value  of  RASSN »   The  following  sym- 
bols, some  abbreviated  from  regular  usage,  will  be  defined  for 
their  use  in  presenting  these  equations: 
R  =  predicted  RASSN 

f (R)  =  median  ordinary-wave  critical  frequency 
(median  foF2)  at  RASSN  R  (denotes  median 
foF2  as  a  function  of  R), 

f (50)  =  median  foF2  at  RASSN  50. 

b„  =  slope  of  the  regression  line  of  median  foF2 
on  RASSN  (the  rate  of  change  of  median  foF2 
with  RASSN). 

M(R)  =  median  maximum  usable  frequency  factor  for 
a  transmission  distance  of  ^000  kilometers 
(median  M-4000)  at  RASSN  R. 

M(50)  =  median  M-^000  at  RASSN  50. 

bM  =  slope  of  the  regression  line  of  median  M-^000 
factor  on  RASSN  (rate  of  change  of  median 
M-lj-000  factor  with  RASSN). 

F2-zero-MUF(R)  =  maximum  usable  frequency  for  a  transmission 

distance  of  zero  kilometers  at  RASSN  R. 

F2-^-000-MUF(R)  =  maximum  usable  frequency  for  a  transmission 

distance  of  ^000  kilometers  at  RASSN  R. 

frr  =  gyrofrequency. 
n 

f  (R)  =  f  (50)  +  (R-50)bf. 

M(R)  =  M(50)  +  (R-50)bM. 

f  (R)  +  fH/2  =  median  F2-zero-MUF(R). 

[f(R)][M(R)]  =  median  F2-^000-MUF(R). 

f (50),  bf,  and  M(50)  are  read  from  their  respective  maps  at  the 

geographical  location  of  the  midpoint  of  the  great-circle  path 

between  the  transmitting  and  receiving  stations 0  b,,  is  read 

M 

from  a  chart  at  the  geomagnetic  latitude  of  the  midpoint  of  the 
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great  circle  path  between  the  transmitting  and  receiving  sta- 
tions-.  The  predicted  value  of  RASSN  sent  out  to  the  users  of 
this  report  will  be  one  that  would  be  expected  to  give  the  user 
the  best  results  in  predicting  MUFs  rather  than  one  that  will 
predict  most  closely  a  correct  value  of  RASSN.   Even  with  this 
condition,  the  value  of  RASSN  that  will  be  sent  to  the  user  will 
follow  closely  the  predicted  or  expected  value  of  RASSN. 

The  world  prediction  maps  of  foF2  at  RASSN  50  and  M-^000 
factor  at  RASSN  50  were  drawn  from  median  values  and  so  using 
the  values  from  these  maps  in  the  above  equations  will  result  in 
median  values  of  F2-4000-MUF(R)  and  F2-zero-MUF(R)0   The  median 
value  is  of  course  the  middle  value  when  the  observed  data  are 
arranged  in  order  of  magnitude.   Oommunications  at  the  MUF  calcu- 
lated from  these  prediction  maps  and  charts  should  be  effective 
approximately  50$  of  the  time. 

A  value  of  F2-MUF  that  should  be  effective  approximately  90$ 
of  the  time  may  be  easily  obtained  from  the  above  median  F2-MUF. 
It  might  be  found  by  taking  85$  of  the  median  F2-4000-MUF(R)  and 
85$  of  the  median  F2-zero-MUF(R),  but  it  is  simpler  just  to  take 
85$  of  the  median  F2-MUF  for  which  the  distance  interpolation  has 
already  been  made.   Both"  methods  can  be  seen  to  yield  the  same 

results. 

III.   INSTRUCTIONS  FOR  USE  OF  WORLD  PREDICTION 
MAPS,  PREDICTION  CHARTS  AND  AIDS 

A  good  deal  of  the  material  in  this  section  has  been  taken 
iirectly  from  National  Bureau  of  Standards  Circular  465. ^  This 
circular  is  probably  familiar  to  many  users  of  this  report  and 
it  was  felt  that  as  it  has  stood  the  test  of  many  years  of  serT 


vice  that,  where  applicable,  the  use  of  the  same  text  would  aid 

in  determining  F2-layer  MUFs  from  the  material  included  herein. 

It  is  suggested  that  this  report  be  placed  in  a  standard  three - 

ring,  looseleaf  notebook  and  the  staples  removed  so  that  the 

pages  will  lie  flat. 

1.   Determination  of  Great-Circle  Distances  and 
Locations  of  Transmission  Control  Points 

Figure  k   is  a  map  of  the  world.   Figure  5  is  a  chart  to  the 
same  scale  as  Figure  4,  on  which  the  solid-line  curves  crossing 
the  equator  at  two  points  l80°  apart  represent  great  circles. 
The  numbered  dot-dash  lines  crossing  the  great  circles  indicate 
distances  along  them  in  thousands  of  kilometers.   In  using  Fig- 
ures k   and  5,  proceed  as  follows: 

(a)  Place  a  piece  of  transparent  paper  over  the  map, 
Figure  4,  and  draw  the  equatorial  line  (zero  degrees)  and  the 
120  °W  longitude  line.   Place  dots  over  the  locations  of  the 
transmitting  and  receiving  stations.   Also  mark  the  Greenwich 
meridian  (0°)  for  use  in  determining  GMT  from  the  prediction 
charts  of  slope  of  regression  line  of  M-^000  factor  on  RASSN. 

(b)  Place  this  transparency  over  the  chart,  Figure  5,  and, 
keeping  the  equatorial  line  of  the  transparency  always  on  the 
equatorial  line  of  Figure  5,  slide  the  transparency  horizontally 
until  the  terminal  points  marked  on  it  either  fall  on  the  same 
great  circle  or  are  the  same  proportional  distance  between  adja- 
cent great-circle  curvesQ   Draw  in  the  great-circle  path  which 
passes  through  the  terminal  points.   The  paths  between  Washing- 
ton, D.  C.  and  Miami,  Florida,  and  Washington,  Du  C.  and  Trieste 
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are  shown  in  their  correct  positions  on  Figure  2. 

(c)  For  paths  shorter  than  1+000  km,  locate  the  midpoint  of 
the  path,  keeping  the  transparency  in  position  on  Figure  5  and 
using  as  a  distance  scale  the  points  at  which  the  numbered  lines 
in  Figure  5  cross  the  path  as  drawn  on  the  transparency.   The 
midpoint  of  the  Washington-Miami  path  is  at  M  on  Figure  5. 

(d)  For  paths  longer  than  ^000  km,  designating  the  ends  as 
the  A-end  and  B-end,  respectively,  locate  on  the  path  and  mark 
with  a  dot  the  following  "control  points",  scaling  the  distances 
as  in  (c)  above: 

Points  A  and  B,  2000  km  from  each  end.   These  points 
for  the  Washington  Trieste  path  are  shown  in  Figure  5« 

2.   Calculation  of  Maximum  Usable  Frequencies 
and  Optimum  Working  Frequencies 

2.1  Determination  of  MUF  and  0WF  for  distances  less 

than  or  equal  to  ^000  km 

(a)  The  use  of  a  work  sheet  similar  to  that  of  Figure  7  is 
suggested.  Put  a  check  in  the  space  "Path  less  than  or  equal  to 
i+000  km  " . 

(b)  To  determine  the  MUF: 

(l)  Place  the  great  circle  transparency  over  the  map 
of  foF2  at  RASSN  50  for  0000  hours  GMT  and  keep  the  equa- 
torial line  of  the  transparency  over  the  equatorial  line  of 
the  map  and  the  120  °W  line  of  the  transparency  over  the 
120°W  line  of  the  map  (ignoring  the  Greenwich  meridian  for 
the  present). 


(2)  Read  the  value  of  foF2  for  the  midpoint  of  the 
path  and  enter  as  f(50)  in  Column  a.  of  Figure  7« 

(3)  Repeat  for  the  0200,  0^00,  0600,  etc.  maps. 
(h)     Repeat  steps  (l),  (2),  and  (3)  for  the  maps  of 

the  slope  of  the  regression  line  of  foF2  on  RASSN  and  again 
for  the  maps  of  M-1+000  factor  at  RASSN  50  and  enter  values 
as  b„  in  Column  b.  and  as  M(50)  in  Column  e.,  respectively, 
of  Figure  7. 

(5)  Compute  the  value  of  (R-50),  using  the  predicted 
value  of  R  for  the  desired  month,  and  enter  this  value  in 
Columns  c.  and  g.  of  Figure  7« 

(6)  From  Figure  k,   determine  the  geographical  coordin- 
ates of  the  communication  path  midpoint  which  was  located 

in  Section  l(c)  above.   Table  2  is  then  used  to  find  the 
geomagnetic  latitude  of  the  midpoint.   Geographic  latitude 
is  located  along  the  vertical  axis  of  Table  2  and  geographic 
longitude  is  located  along  the  horizontal  axis.   From  l80°E 
to  36O °E  longitude  on  Table  2  corresponds  to  the  same  seg- 
ment of  the  earth  as  from  l80°W  to  0°  longitude,, 

(7)  Place  the  great  circle  transparency  over  the  pre- 
diction chart  of  the  slope  of  the  regression  line  of  M-4000 
factor  on  RASSN  and  keeping  the  equatorial  line  of  the  trans- 
parency over  the  equatorial  line  of  the  chart,  mark  the  geo- 
magnetic latitude  by  a  dot  on  the  meridian  passing  through 
the  midpoint  determined  in  Section  l(c).   In  other  words, 
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place  the  dot  at  the  correct  geomagnetic  latitude,  using 
the  vertical  scale  of  the  prediction  chart  as  a  guide,  on 
a  line  perpendicular  to  the  equatorial  line  and  passing 
through  the  path  midpoint,  already  on  the  transparency. 

(8)  Again  keeping  the  equatorial  line  of  the  trans- 
parency over  the  equatorial  line  of  the  chart,  slide  the 
transparency  horizontally  until  the  Greenwich  meridian  of 
the  transparency  coincides  with  0000  hours  on  the  local 
time  (LT)  scale. 

Note  that  all  points  on  the  great-circle  path  are  in  their 
proper  LT  relationship  to  Greenwich  because  2k   hours  on  the 
time  scale  of  the  prediction  chart  is  drawn  to  the  same 
scale  as  3600  of  longitude  on  the  world  map. 

(9)  Read  the  value  of  the  slope  of  the  regression 

line  of  M-14-000  factor  on  RASSN  for  the  location  of  the  dot 

determined  in  Instruction  (7)  above  and  enter  as  bw  in 

M 

Column  f .  of  Figure  7. 

Note  that  on  the  prediction  chart  (-)  refers  to  an  alge- 
braic increase  in  a  negative  direction  of  values  inside  the 
contour  so  specified  while  (+)  refers  to  an  algebraic 
decrease  in  a  negative  direction  of  values  inside  of  the 
contour  so  specified. 

(10)  Repeat  for  0200,  0^00,  0600,  etc.  on  the  time 
scale.   Frequently  it  will  be  necessary  to  make  the  Green- 
wich meridian  of  the  transparency  coincide  with  an  imagined 
2600,  2800,  3000,  etc.  on  the  time  scale.   A  convenient  aid 


is  to  place  marks  at  two  hour  intervals  on  the  equatorial 
line  of  the  transparency. 

(11)  Compute  the  values  for  Columns  d,  h,  and  i.  of 
Figure  7  from  the  equation  at  the  heading  of  each  of  these 
columns.   The  equation  from  Column  d.  is  f (R)  =  f (50)  + 
(R-50)b  .   It  might  be  noted  that  f(R)  and  f (50)  indicate 
the  median  foF2  as  a  function  of  RASSN  R  and  RASSN  50, 
respectively,  while  (R-50)b   indicates  a  multiplication  of 
the  factor  (R-50)  times  b  ,  the  rate  of  change  of  median 
foF2  with  RASSN. 

(12)  Use  the  value  of  geomagnetic  latitude  of  the 
path  midpoint  found  in  Instruction  (6)  above  to  obtain  one- 
half  of  the  gyrofrequency  (f_)  from  Table  1.   Add  this 

n 

value  of  f  /2  to  the  value  of  median  foF2  for  all  even 
hours  to  obtain  median  F2-zero-MUF(R)  and  insert  the  values 
in  Column  j.  of  Figure  7. 

(13)  For  each  hour  place  a  straightedge  between  the 
values  of  F2-zero-MUF(R)  and  F2-^000-MUF(R)  at  the  left- 
hand  and  right-hand  sides,  respectively,  of  the  grid  nomo- 
gram, Figure  6,  and  read  the  value  of  the  MUF  for  the 
actual  path  length  at  the  intersection  point  of  the 
straightedge  with  the  appropriate  vertical  distance  line, 
interpolating  between  the  oblique  lines.   Enter  the  values 
in  Column  k.  of  Figure  7. 

(Ik)     Calculate  the  F2-0WF  by  multiplying  each  value 
of  median  F2-MUF  in  Column  k.  by  the  factor  0.85  or  by 
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using  the  conversion  scale  contained  in  Figure  6.   Enter 
the  values  in  Column  1.  of  Figure  rJ. 

2.2  Determination  of  MUF  and  OWF  for  distances 
greater  than  4000  km 

(a)  General  Considerations: 

The  procedure  outlined  below  is  based  on  the  follow- 
ing assumptions: 

(1)  That  there  are  F2-layer  control  points  A  and  B. 

(2)  That  the  highest  frequency  that  can  be  propa- 
gated from  the  A-end  to  the  B-end  is  the  lower  of  the  two 
frequencies  of  A  and  B  above. 

(3)  That  the  frequency  obtained  in  (2)  is  the  same 
for  propagation  from  the  B-end  to  the  A-end. 

(b)  The  use  of  a  work  sheet  similar  to  Figure  7  is  sugges- 
ted.  Two  sheets  should  be  used  with  one  for  the  A-end  and  one 
for  the  B-end.   Put  a  check  on  both  sheets  in  the  space  on  the 

top  of  the  sheet  entitled  "Path  greater  than  ^000  km  ". 

For  the  first  sheet,  place  a  check  in  "A-end  "  and  for  the 

second  sheet,  place  a  check  in  "B-end  ".   Column  j.  will 

not  be  used  in  either  sheet.   The  lower  of  A  and  B  will  be 
entered  in  Column  k.  of  one  of  the  sheets  and  the  OWF  will  be 
computed  from  this  and  entered  in  Column  1.  of  the  same  sheet. 
Columns  k.  and  1.  in  the  second  sheet  can  remain  blank  or  be 
filled  in  with  the  same  information  as  the  first  sheet  in  order 
to  provide  a  more  complete  record. 


(c)  Locate  the  control  points  A  and  B  as  explained  in 
Section  1.   For  very  long  paths  the  "short  route"  (minor  arc  of 
the  great-circle  path)  and  the  "long  route"  (major  arc)  need  be 
considered. 

(d)  To  determine  the  MUF: 

(1)  Place  the  great  circle  transparency  over  the  map 
of  foF2  at  RASSN  50  for  0000  hours  GMT  and  keep  the  equa- 
torial line  of  the  transparency  over  the  equatorial  line 
of  the  map  and  the  120 °W  line  of  the  transparency  over  the 
120%/  line  of  the  map  (ignoring  the  Greenwich  meridian  for 
the  present). 

(2)  Read  the  value  of  foF2  for  control  point  A  and 
enter  as  f(50)  in  Column  a.  of  Figure  rJ.      The  designation 
"A-end"  at  the  top  of  the  work  sheet  will  have  been  checked 
for  this  work  sheet  in  Instruction  2.2(b)  above. 

(3)  Repeat  for  the  0200,  0^00,  0600,  etc.  maps. 
(k)     Repeat  steps  (l),  (2),  and  (3)  for  the  maps  of 

the  slope  of  the  regression  line  of  foF2  on  RASSN  and 
again  for  the  maps  of  M-^000  factor  at  RASSN  50  and  enter 
values  as  b   in  Column  b.  and  as  M(50)  in  Column  e,  respec- 
tively, of  Figure  7. 

(5)   Compute  the  value  of  (R-50),  using  the  predicted 
value  of  R  for  the  desired  month,  and  enter  this  value  in 
Columns  c.  and  g.  of  Figure  7» 
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(6)  From  Figure  k,   determine  the  geographical  coor- 
dinates of  the  location  of  control  point  A  which  was  loca- 
ted in  Section  l(d)  above.   Table  2  is  then  used  to  find 
the  geomagnetic  latitude  of  A.   Geographic  latitude  is 
located  along  the  vertical  axis  of  Table  2  and  geographic 
longitude  is  located  along  the  horizontal  axis.   From  l80°E 
to  360°E  longitude  on  this  chart  corresponds  to  the  same 
segment  of  the  earth  as  from  180  W  to  0°  longitude. 

(7)  Place  the  great  circle  transparency  over  the  pre- 
diction chart  of  the  slope  of  the  regression  line  of  M-^000 
factor  on  RASSN  and  keeping  the  equatorial  line  of  the 
transparency  over  the  equatorial  line  of  the  chart,  mark 
the  geomagnetic  latitude  by  a  dot  on  the  meridian  passing 
through  control  point  A  determined  in  Section  l(d).   In 
other  words,  place  the  dot  at  the  correct  geomagnetic  lati- 
tude, using  the  vertical  scale  of  the  prediction  chart  as  a 
guide,  on  a  line  perpendicular  to  the  equatorial  line  and 
passing  through  control  point  A,  already  on  the  transpar- 
ency. 

(8)  Again  keeping  the  equatorial  line  of  the  trans- 
parency over  the  equatorial  line  of  the  chart,  slide  the 
transparency  horizontally  until  the  Greenwich  meridian  of 
the  transparency  coincides  with  0000  hours  on  the  local  time 
(LT)  scale. 

Note  that  all  points  on  the  great-circle  path  are  in  their 
proper  LT  relationship  to  Greenwich  because  2k   hours  on  the 


time  scale  of  the  prediction  chart  is  drawn  to  the  same 
scale  as  36O0  of  longitude  on  the  world  map. 

(9)  Read  the  value  of  the  slope  of  the  regression 
line  of  M-^000  factor  on  RASSN  for  the  location  of  the  dot 
determined  in  Instruction  (7)  above  and  enter  as  b   in 
Column  f .  of  Figure  7. 

Note  that  on  the  prediction  chart  (-)  refers  to  an  alge- 
braic increase  in  a  negative  direction  of  values  inside  of 
the  contour  so  specified  while  (+)  refers  to  an  algebraic 
decrease  in  a  negative  direction  of  values  inside  of  the 
contour  so  specified. 

(10)  Repeat  for  0200,  0^00,  0600,  etc.  on  the  time 
scale.   Frequently  it  will  be  necessary  to  make  the  Green- 
wich meridian  of  the  transparency  coincide  with  an  imagined 
2600,  2800,  3000,  etc.  on  the  time  scale.   A  convenient  aid 
is  to  place  marks  at  two  hour  intervals  on  the  equatorial 
line  of  the  transparency. 

(11)  Compute  the  values  for  Columns  d,  h,  and  i.  of 
Figure  7  from  the  equation  at  the  heading  of  each  of  these 
columns. 

(12)  Repeat  steps  (l)  through  (ll)  for  control  point 
B.  The  second  work  sheet  which  has  a  check,  from  Instruc- 
tion 2.2(b)  above,  in  the  designation  "B-end  "  at  the 

top  of  the  work  sheet  will  be  used  to  record  the  values 
from  control  point  B» 
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(13)  For  each  of  the  even  hours  compare  the  two 
values  of  median  F2-lK)00-MUF(R),  Column  i.  of  Figure  7, 
from  the  two  work  sheets  representing  control  point  A  and 
control  point  B.   The  lower  of  the  two  values,  the  MUF  for 
the  A- end  and  the  MUF  for  the  B-end,  is  the  MUF  for  a  given 
even  hour  for  the  transmission  path.   Record  this  median 
F2-MUF  for  the  path  in  Column  k.  of  one  of  the  two  work 
sheets.   The  same  information  may  be  recorded  in  Column  k. 
of  the  other  work  sheet  for  a  more  complete  record. 

(lk)     The  values  in  Column  k.  are  then  multiplied  by 
0.85  or  fitted  to  the  conversion  scale  in  Figure  6  in  order 
to  find  the  F2-0WF  for  the  path.   The  values  obtained  are 
inserted  in  Column  1.  of  the  one  sheet  (or  both  sheets  if 
desired)  that  has  the  values  of  median  F2-MUF  for  the  path 
in  Column  k.# 

IV.   SAMPLE  MUF  AND  OWF  CALCULATIONS 
1.   Short  Path 
The  MUF  and  OWF  for  the  great-circle  communication  path 
between  Washington,  D.  C.  (39.0°N,  77-5 °W)  and  Miami,  FLorida 
(25.7°N,  80.5 °W)  have  been  determined  for  average  conditions  for 
the  month  of  June  using  a  RASSN  of  35.   This  was  the  observed 
RASSN  for  June  of  1955  and  so  the  values  that  have  been  computed 
would  correspond  to  the  conditions  encountered  during  that 
period.   This  of  course  does  not  mean  that  this  is  the  value  of 
RASSN  that  would  have  been  predicted.   It  is  possible  that  the 


predicted  value  would  fit  the  conditions  encountered  more  pre- 
cisely than  the  observed  RASSN. 

The  values  that  have  been  calculated  are  shown  in  Figure  1. 
It  will  be  noted  here  that  the  values  recorded  in  Columns  a,  b, 
e,  and  f .  of  Figure  1  will  always  apply  for  the  above  communica- 
tion path  for  the  month  of  June.   The  values  in  Columns  c.  and 
g.  will  vary  from  year  to  year  with  changes  in  the  value  of  RASSN, 
The  values  for  Columns  a,  b,  e,  and  f .  could  therefore  be  scaled, 
for  a  given  month  and  transmission  path,  well  in  advance  of  the 
receipt  of  the  predicted  value  of  RASSN. 

2.   Long  Path 

The  MUF  and  OWF  for  the  great-circle  communication  path 
between  Washington,  D.  C.  (39.0°N,  77-5°W)  and  Trieste  (^5.7°N, 
I3.8 °E)  have  been  determined  for  average  conditions  for  the 
month  of  December  using  a  RASSN  of  8l.   This  was  the  observed 
RASSN  for  December  of  1955  and  so  the  values  that  have  been 
computed  would  correspond  to  the  conditions  encountered  during 
that  period.   Again,  this  does  not  mean  that  this  is  the  value 
of  RASSN  that  would  have  been  predicted.   It  is  again  possible 
that  the  predicted  value  would  fit  the  conditions  encountered 
more  precisely  than  the  observed  RASSN. 

The  values  that  have  been  calculated  for  the  control  point 
A  are  shown  in  Figure  2  and  the  values  calculated  for  control 
point  B  are  shown  in  Figure  3.   Column  j.  is  not  used  and 
Columns  k.  and  1.  contain  the  same  values  for  both  sheets. 
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Again,  it  will  be  noted  that  the  values  recorded  in  Columns  a, 
b,  e,  and  f .  of  both  Figures  2  and  3  "will  always  apply  for  the 
above  communication  path  for  the  month  of  December.   The  values 
in  Columns  c,  and  g.  will  vary  from  year  to  year  with  changes  in 
the  value  of  RASSN.   The  values  for  Columns  a,  b,  e,  and  f . 
could  therefore  be  scaled,  for  a  given  month  and  transmission 
path,  well  in  advance  of  the  receipt  of  the  predicted  value  of 
RASSN. 
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SOLUTION  OF  F2-LAYER  TRANSMISSION  PROBLEM 


From    Washington,  P.  C 


To 


Miami,  Florida 


Distance 


1500 


km.   Predicted  for  June 


19 


Check  correct  ones: 


Path  less  than  or  equal  to  (^)  4000  km„  __X 
Path  greater  than  (>)  km  ;  A-end  


or  B-end 


Geomagnetic  latitude   for  path  midpoint     43  °N        ;   or   for  control  point  A  _ 
One-half  gyrofrequency  for  path  midpoing     0.6  Mc;      or   for  control  point  A 


or  control  point  B  _ 
Mc  or  control  point  B 


Mc 


Note :     All 

frequencies  are   in  Megacycles 

GMT 

f(50) 

bf 

(R-50) 

f  GO  = 
f(50)  +  (R-50)bf 

M(50) 

bM 

(R-50) 

M(R)   = 
M(50)  +  (R-50)bM 

[f(R)][M(R)]  = 
median 
F2-4000-MUF(R) 

f(R)    +  fH/2   = 
median 
F2-zero-MUF(R) 

median  F2- 
MUF  for 
path 

F2-0WF 
for 
path 

a 

b 

c 

d 

e 

f 

g 

h 

i 

J 

k 

1 

frocedurc 

Scale 

Scale 

Compute 

Compute 

Scale 

Scale 

Compute 

Compute 

Compute 

Compute 

Scale  for  ^ 
4000  km. 
Lower  of  A  and    B 
for   >  4000  km. 

Compute 

00 

7*2 

o023 

-15 

6.9 

3.42 

-.0043 

-15 

3.48 

24o0 

7.5 

14.0 

11.9 

02 

6.5 

.026 

-15 

6.1 

3.35 

-.0051 

-15 

3.43 

20.9 

6.7 

12.3 

10.5 

04 

5.2 

.029 

-15 

4.8 

3.25 

-.0052 

-15 

3.33 

16.0 

5.4 

9.6 

8.2 

06 

4.7 

.030 

-15 

4.2 

3.21 

-.0042 

-15 

3.27 

13.7 

4.8 

8.3 

7.1 

08 

4.2 

.025 

-15 

3.8 

3.32 

-.0042 

-15 

3.38 

12.8 

4.4 

7.8 

6.6 

10 

4.0 

o021 

-15 

3.7 

3.35 

-.0043 

-15 

3.41 

12.6 

4o3 

7.6 

6.5 

12 

5*3 

.019 

-15 

5.0 

3.40 

-.0042 

-15 

3.46 

17o3 

5.6 

10.3 

8.8 

14 

6.1 

.021 

-15 

5.8 

3.23 

-.0042 

-15 

3.29 

19.1 

6.4 

11.4 

9.7 

16 

6.4 

.024 

-15 

6.0 

3.14 

-.0043 

-15 

3.20 

19.2 

6.6 

11.6 

9.9 

18 

6.7 

.025 

-15 

6.3 

3.16 

-.0041 

-15 

3.22 

20.6 

6.9 

12.3 

10.5 

20 

6.7 

.025 

-15 

6.3 

3.18 

-.0039 

-15 

3.24 

20.4 

6„9 

12.3 

10.5 

22 

7.1 

.023 

-15 

6.8 

3.25 

-.0040 

-15 

3.31 

22.5 

7.4 

13.4 

11.4 

Done  by 

Checked 

Solution  of  short-path  transmission  problem   (less  than  or  equal  to  4000  km)   -  use   one  work  sheet. 

Solution  of  long-path  transmission  problem   (greater  than  4000  km)   -  use  two  sheets,    one  for  control  point  A  and  one  for  control  point  B. 

FIGURE  1 
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SOLUTION  OF  F2 -LAYER  TRANSMISSION  PROBLEM 


From    Washington,  D.  C. 


To   Trieste 


Distance,    7100     km.   Predicted  for  December  19 


Check  correct  ones 


Path  less  than  or  equal  to  (^)  4000  km  

Path  greater  than  (>)  4000  km   X   J  A-end_ 


X       or  B-end 


Geomagnetic  latitude  for  path  midpoint  __ 
One-half  gyrofrequency  for  path  midpoint 


;   or  for  control  point  A 


60  °N 


or  control  point  B 


Mc;  or  for  control  point  A   0.7   Mc  or  control  point  B 


Mc 


Note:  All  frequencies  are  in  Megacycles 


GMT 

f(50) 

bf 

(R-50) 

fOO  = 

f  (50)  +  (R-50)bf 

M(50) 

bM 

(R-50) 

m(r)  = 
m(50)  +  (R-50)bM 

[f(R)J[M(R)J  = 
median 
F2-4000-MUF(R) 

f  (R)  +  fH/2  = 
median 
F2-zero-MUF(R) 

median  F2- 
MUF  for 
path 

F2-0WF 
for 
path 

a 

b 

c 

d 

e 

f 

g 

h 

i 

J 

k 

1 

Procedure 

Scale 

Scale 

Compute 

Compute 

Scale 

Scale 

Compute 

Compute 

Compute 

Scale  for  ^ 
4000  km. 
Compute    -jOWer  of  a  and  B 

for  >  4000  km. 

Compute 

00 

3.7 

.028 

31 

4.6 

3.30 

-.0028 

31 

3.21 

14.8 

9.5 

8.1 

02 

3.0 

.015 

31 

3-5 

3.21 

-.0029 

31 

3.12 

10.9 

10o0 

8.5 

04 

2.9 

.013 

31 

3.3 

3.21 

-.0029 

31 

3.12 

10.3 

9*4 

8.0 

06 

2.8 

.016 

31 

3.3 

3.23 

-.0029 

31 

3.14 

10.4 

8.5 

7.2 

08 

2.8 

.016 

31 

3.3 

3.30 

-.0029 

31 

3.21 

10.6 

10.6 

9.0 

10 

2.7 

.015 

31 

3.2 

3.34 

-.0029 

31 

3.25 

10.4 

10.4 

8.8 

12 

5.2 

.029 

31 

6.1 

3.70 

-.0030 

31 

3*61 

22.0 

22.0 

18.7 

l4 

7.6 

.048 

31 

9.1 

3.76 

-.0040 

31 

3.64 

33.1 

33.1 

28.1 

16 

8.1 

.051 

31 

9.7 

3.68 

-.0041 

31 

3.55 

34.4 

31.4 

26.7 

18 

8.1 

.051 

31 

9.7 

3.65 

-.oo4i 

31 

3.52 

34.1 

20.3 

17.3 

20 

6.7 

.047 

31 

8.2 

3.62 

-.0035 

31 

3.51 

28.8 

13.6 

11.6 

22 

4.8 

.039 

31 

6.0 

3.50 

-.0029 

31 

3.41 

20.5 

10.5 

8.9 

Done  by 

Checked 

Solution  of  short-path  transmission  problem  (less  than  or  equal  to  4000  km)  -  use  one  -work  sheet. 

Solution  of  long-path  transmission  problem  (greater  than  4000  km)  -  use  two  sheets,  one  for  control  point  A  and  one  for  control  point  B. 

FIGURE  2 
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SOLUTION  OF  F2-LAYER  TRANSMISSION  PROBLEM 


From    Washington,  D.  C. 


To 


Trieste 


Distance, 


7100 


km. 


Predicted  for  December   19 


Check  correct  ones: 


Path  less  than  or  equal  to  (^)  4000  km. 

Path  greater  than  (>)  4000  km.  X   ;  A-end 


or  B-end  X 


Geomagnetic  latitude  for  path  midpoint  __ 
One -half  gyrofrequency  for  path  midpoint 


;  or  for  control  point  A__ 

Mc;   or  for  control  point  A 


or  control  point  B  57°N 
Mc  or  control  point  B  0.6  Mc 


Note :     All 

frequencies  are   In  Megacycles 

GMT 

f(50) 

bf 

(R-50) 

f  GO  = 

f(50)  +  (R-50)bf 

M(50) 

bM 

(R-50) 

M(R)   = 

M(50)+(R-50)bM 

[f(R)][M(R)]  = 
median 
F2-4000-MUF(R) 

f  (R)   +  fH/2   = 
median 
F2-zero-MUF(R) 

median  F2- 
MUF  for 
path 

F2-0WF 
for 
path 

a 

b 

c 

d 

e 

f 

g 

h 

i 

J 

k 

1 

Procedure 

Scale 

Scale 

Compute 

Compute 

Scale 

Scale 

Compute 

Compute 

Compute 

Compute 

Scale  for  ^ 
4000  km. 
Lower  of  A  and  B 
for  >  4000  km. 

Compute 

00 

2.9 

.008 

31 

3.1 

3.16 

-.0030 

31 

3.07 
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Solution  of  short-path  transmission  problem   (less  than  or  equal  to  4000  km)   -  use  one  work  sheet. 

Solution  of  long-path  transmission  problem   (greater  than  4000  km)   -  use  two  sheets,    one  for  control  point  A  and  one  for  control  point  B. 
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GREAT    CIRCLE   CHART   CENTERED   ON    EQUATOR.  SOLID  LINES   REPRESENT   GREAT  CIRCLES.   NUMBERED   DOT-DASH   LINES   INDICATE 
DISTANCES  IN   THOUSANDS    OF   KILOMETERS. 
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SOLUTION  OF  F2-LAYER  TRANSMISSION  PROBLEM 
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An  Approximate  Value  of  One-half 
the  Gyrofrequency  (fjj)  as  a  Function 
of  Geomagnetic  Latitude 

(For  use  with  values  of  foF2  sufficiently  large  with  respect  to  f  ) 
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